Probing the No-Scale ${\cal F}$-$SU(5)$ One-Parameter Model via Gluino
  Searches at the LHC2 by Li, Tianjun et al.
ar
X
iv
:1
70
5.
07
97
3v
2 
 [h
ep
-p
h]
  8
 A
ug
 20
17
ACT-04-17, MI-TH-1755
Probing the No-Scale F-SU(5) One-Parameter Model via Gluino Searches at the LHC2
Tianjun Li,1, 2 James A. Maxin,3, 4 and Dimitri V. Nanopoulos5, 6, 7
1CAS Key Laboratory of Theoretical Physics, Institute of Theoretical Physics,
Chinese Academy of Sciences, Beijing 100190, China
2 School of Physical Sciences, University of Chinese Academy of Sciences, No.19A Yuquan Road, Beijing 100049, China
3Department of Chemistry and Physics, Louisiana State University, Shreveport, Louisiana 71115 USA
4Department of Physics and Engineering Physics,
The University of Tulsa, Tulsa, OK 74104 USA
5George P. and Cynthia W. Mitchell Institute for Fundamental Physics and Astronomy,
Texas A&M University, College Station, TX 77843, USA
6Astroparticle Physics Group, Houston Advanced Research Center (HARC), Mitchell Campus, Woodlands, TX 77381, USA
7Academy of Athens, Division of Natural Sciences,
28 Panepistimiou Avenue, Athens 10679, Greece
In our recent paper entitled “The return of the King: No-Scale F-SU(5)”, we showed that the
model space supporting the most favorable phenomenology should have been probed in 2016 at the
LHC2, with an even further reach into this region of the model in 2017–18. This ideal realm of
the one-parameter version of No-Scale F-SU(5) yields a 1.9–2.3 TeV gluino mass at the very same
point where the light Higgs boson mass enters its rather narrow experimentally determined range of
mh = 125.09±0.24 GeV. Given the recent results reported at Moriond 2017 for 36 fb−1 of luminosity
collected in 2016 at the 13 TeV LHC2, we now update the status of the No-Scale F-SU(5) model
space in light of the gluino mass exclusion limits presented by the ATLAS and CMS Collaborations.
We illustrate that a resolution could be reached soon as to whether supersymmetry lives in this
most critical region of the model space.
PACS numbers: 11.10.Kk, 11.25.Mj, 11.25.-w, 12.60.Jv
The ATLAS and CMS Collaborations at the LHC2
recorded 36 fb−1 of luminosity in 2016 at a center-of-
mass energy of 13 TeV. In the search for supersymme-
try (SUSY), the LHC2 in 2016 probed gluino (g˜) masses
beyond 2 TeV, with current constraints in the multijet
and multiple b-jet search regions residing at 1.92 TeV
for ATLAS [1] and 1.96 TeV for CMS [2]. It is there-
fore expected that the LHC2 in 2017 will have at least a
reach to a 2.0–2.3 TeV gluino mass. The 13 TeV beams
will soon reenergize and begin recording proton-proton
collision data again in June 2017, therefore, we use this
present short pause in the SUSY search while the LHC2
prepares to launch its 2017 run to evaluate the model
space of one prominent supersymmetric Grand Unified
Theory (GUT) model against the full compilation of 2016
data statistics.
The supersymmetric GUT model No-Scale flipped
SU(5) with extra vector-like flippon multiplets, dubbed
F -SU(5) for short, was shown in “The return of the King:
No-Scale F -SU(5)” [3] to possess the curious character-
istic of generating an mg˜ = 1.9− 2.3 TeV gluino mass at
the very point in the model space where the light Higgs
boson mass enters into its experimentally viable 1σ range
of mh = 125.09± 0.24 GeV [4, 5]. In GUTs with gravity
mediated SUSY breaking, otherwise known as the Mini-
mal Supergravity (mSUGRA) models, the SUSY break-
ing soft terms can be represented by four universal terms:
gaugino mass M1/2, scalar mass M0, trilinear soft term
A0, and the low-energy ratio of the Higgs vacuum ex-
pectation values (VEVs) tanβ, in addition to the sign
of the Higgs bilinear mass term µ. The most elemen-
tal No-Scale scenario requires M0 = A0 = Bµ = 0 at
the ultimate high-energy unification scaleMF , where Bµ
is the SUSY breaking soft term for the µHdHu term in
the superpotential. All the SUSY breaking soft terms
therefore evolve down to low-energy from the single non-
zero parameter M1/2 at the MF scale, hence, a true
one-parameter model. Consequently, the entire SUSY
spectrum will be proportional to M1/2 at the leading or-
der, yielding an invariance of the bulk “internal” physi-
cal properties under an overall rescaling. The complete
SUSY spectrum thus maintains a piecewise smooth lin-
ear functional dependence upon M1/2. A gluino mass of
mg˜ = 1.9− 2.3 TeV will therefore correlate to only a sin-
gle specific confined range of light Higgs boson masses,
which in the case of No-Scale F -SU(5) happens to be its
observed value. In addition to reproducing the observed
light Higgs boson mass, the mg˜ = 1.9 − 2.3 TeV gluino
mass range under analysis here further produces the 9-
year WMAP [6] and Planck 2015 [7] precision relic den-
sity 1σ measurements, while also conforming with em-
pirical data for rare-decay processes, direct dark matter
detection cross-sections, and proton decay lifetimes [3].
The accompanying vector-like multiplets, which we de-
note with the characterful term flippons when the multi-
plets are explicitly implemented within No-Scale flipped
SU(5), induce a few distinctive phenomenological sig-
natures. As is known with No-Scale Supergravity, the
light stau will be the Lightest Supersymmetric Particle
(LSP) if the supersymmetry breaking scale is the tradi-
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1  = {mh = 125.09 0.24, mt = 173.21 0.87, h
2 = 0.1166 0.0032}
2  = {mh = 125.09 0.48, mt = 173.21 1.75, h
2 = 0.1166 0.0064}
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FIG. 1: The ATLAS 95% CL expected and observed exclusion limits of Ref. [1] with the linear model space of No-Scale F-SU(5)
superimposed. The green strip of model space is consistent with the ±1σ uncertainties on the light Higgs boson mass, top quark
mass, and cold dark matter relic density. The yellow strip is that region of the model space satisfying the ±2σ uncertainties
on these same experiments.
tional GUT scale around 2.0 × 1016 GeV. Interestingly,
the lightest neutralino with a Bino dominant component
becomes the LSP in our model since the supersymmetry
breaking scale is around the string scale, and then we can
obtain the correct dark matter density via the light stau
and LSP neutralino coannihilation [8, 9]. Moreover, we
run the Renormalization Group Equations (RGEs) from
the string scale to the SU(3)C×SU(2)L unification scale
M32, i.e., around the traditional GUT scale. Therefore,
at the traditional GUT scale, we shall have non-Universal
supersymmetry breaking soft terms, unlike mSUGRA
or the Constrained Minimal Supersymmetric Standard
Model (CMSSM) [8, 9]. In addition, the one-loop beta
function for the SU(3)C gauge symmetry receives a null
value after inclusion of the flippons, i.e., b3 = 0, and thus
the gaugino mass M3 mirrors the vanishing b3 via flat
RGE evolution, as the conventional low-energy logarith-
mic mass enhancement is suppressed. The outcome is a
scaled-down gluino mass reduced below the first/second
generation squarks, bottom squarks, and heavy stop, pre-
serving a positive mass delta with only the light stop
t˜1. Given this rather unique SUSY mass spectrum of
M(t˜1) < M(g˜) < M(q˜), where q˜ = {u˜, d˜, c˜, s˜, b˜1, b˜2, t˜2}, a
compulsory gluino decay through an on-shell light stop of
g˜ → t˜1t→ tt+χ˜
0
1 is imposed, triggering a hard 4-top mul-
tijet event via pair-produced gluinos and/or first/second
generation squarks per q˜ → qg˜. The 4-top 100% branch-
ing fraction ensures a prolific accumulation of events with
large numbers of hadronic jets, including tagged b-jets.
This No-Scale F -SU(5) characteristic SUSY event topol-
ogy compels a search region at the LHC2 inclusive of fi-
nal states with multijet events and multiple b-jets. For
a more detailed background of the No-Scale F -SU(5)
model, please see Refs. [3, 10–13] and references therein.
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1  = {mh = 125.09 0.24, mt = 173.21 0.87, h
2 = 0.1166 0.0032}
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FIG. 2: The CMS 95% CL expected and observed exclusion limits of Ref. [2] with the linear model space of No-Scale F-SU(5)
superimposed. The green strip of model space is consistent with the ±1σ uncertainties on the light Higgs boson mass, top quark
mass, and cold dark matter relic density. The yellow strip is that region of the model space satisfying the ±2σ uncertainties
on these same experiments.
The analysis of the multijet and multiple b-jet SUSY
search regions for the 36 fb−1 2016 run at the LHC2 have
been completed by ATLAS [1] and CMS [2]. Both studies
focus on gluino pair-production leading to a 4-top signa-
ture by means of g˜ → tt + χ˜01, as annotated in FIG. 1
and FIG. 2. The ATLAS 95% CL expected and observed
exclusion limits of Ref. [1] are reproduced here in FIG. 1,
showing the ±1σ boundaries enclosing the expected and
observed limits, where ATLAS refers to this search re-
gion as the Gtt simplified model. The CMS 95% CL ex-
pected and observed exclusion limits of Ref. [2] are also
reproduced here in FIG. 2, displaying the ±1σ uncertain-
ties surrounding the expected and observed limits, where
CMS refers to this search region as the T1tttt simplified
model. We superimpose on the ATLAS and CMS exclu-
sion plots in FIGs. 1–2 the linear model space of No-Scale
F -SU(5) as described in the prior paragraphs. We distin-
guish between the regions of the model space that satisfy
the ±1σ and ±2σ experimental uncertainties for a set of
experiments that comprise the light Higgs boson mass,
top quark mass, and total cold dark matter relic density.
The light Higgs boson mass central value and ±1σ un-
certainty is mh = 125.09± 0.24 GeV [4, 5], where for the
±2σ limits we double the 1σ experimental uncertainty
and add/subtract from the observed central value. For
the top quark mass, we apply the PDG 2016 1σ world av-
erage of mt = 173.21± 0.874 GeV [14], also doubling the
1σ uncertainty for the 2σ limits. The relic density con-
straint we employ exploits both the 9-year WMAP [6]
and Planck 2015 [7] measurements, using the WMAP9
1σ lower limit as our minimum value and the Planck
2015 1σ upper limit as our maximum value. This pro-
4vides a relic density constraint of Ωh2 = 0.1166± 0.0032.
In FIGs. 1–2 the region of the model space satisfying the
±1σ experimental constraints {mh = 125.09±0.24, mt =
173.21± 0.874, Ωh2 = 0.1166± 0.0032} is highlighted in
green, whereas all the points in the model space con-
sistent with the ±2σ experimental constraints {mh =
125.09±0.48, mt = 173.21±1.75, Ωh
2 = 0.1166±0.0064}
are accentuated in yellow, which of course will further en-
compass the green ±1σ strip as well.
The upper 1σ limit on the ATLAS and CMS exclusion
limits delineated in FIGs. 1–2 lands at about 2030 GeV.
Evidently, according to Ref. [1] the observed limits were
significantly weaker than expected attributable to mild
excesses observed in the relevant signal regions. The
looser than anticipated limits are clearly exhibited in
FIGs. 1–2, certainly right on the cusp of that precise
region of No-Scale F -SU(5) compatible with the ±1σ ex-
perimental uncertainties on the light Higgs boson mass,
top quark mass, and relic density, as this region of No-
Scale F -SU(5) was expected to be mostly excluded at 1σ
in the 36 fb−1 2016 run but could not due to the mild
excesses noted above. Consequently, this realm of No-
Scale F -SU(5) satisfying the ±1σ empirical uncertainties
remains viable and it is reasonable to conclude the re-
gion was probed in 2016 and surely the LHC2 will reach
deeply into this region in 2017–18. We thus can confi-
dently project that the presence of SUSY in this rather
phenomenologically favorable dominion of No-Scale F -
SU(5) should be adjudicated in the forthcoming couple
of years, either to the delight or dismay of SUSY enthu-
siasts near and far.
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